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[57] ABSTRACT 

Automatic guided vehicles are commonly used in indus- 
trial material handling operations. Such vehicles must 
be accurately docked at predetermined stop locations 
without the guidance or assistance of human operators. 
The subject apparatus is used in conjunction with a 
vehicle having a vehicle drive circuit for controllably 
propelling the vehicle at a velocity responsive to a ve- 
locity command signal. At least one ground engaging 
wheel is equipped with a vehicle brake for controllably 
stopping the vehicle in response to a brake actuation 
signal. A position determining element produces a con- 
trolled stop signal in response to the vehicle being posi- 
tioned a predetermined distance from the desired stop 
location, and an absolute stop signal in response to the 
vehicle being positioned at the desired stop location. A 
logic control circuit receives the stop signals and pro- 
duces a brake actuation signal having a value sufficient 
to partially engage the vehicle brake and. a velocity 
command signal having a value sufficient to continue to 
propel the vehicle at a predetermined low velocity in 
response to receiving the controlled stop signal. The 
logic control circuit produces a velocity command sig- 
nal having a minimum value in response to receiving the 
absolute stop signal. 

5 Claims, 6 Drawing Figures 
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being positioned at the desired stop location. The logic 
VEHICLE DOCKING APPARATUS AND METHOD control circuit receives the actual velocity signal, the 

controlled stop signal and the absolute stop signal and 
TECHNICAL FIELD produces a brake actuation signal having a value suffi- 

This invention relates generally to an apparatus and 5 cient to partially engage the vehicle brake and a veloc- 
method for docking a vehicle and, more particularly, to ity command signal having, a value sufficient to con- 
an apparatus and method for controllably docking a tinue to propel the vehicle at a predetermined low ve- 
vehicle at a predetermined location. locity in response to receiving the controlled stop sig- 

BACKGROUND ART lo nal ' The logic contro1 device ako produces a velocity 

command signal having a minimum value in response to 

Material handling vehicles, such as industrial lift receiving the absolute stop signal, 

trucks, frequently must be docked at a particular loca- i n a second aspect of the present invention, a method 

tion with respect to a loading/unloading station. In the f or controllably stopping a vehicle is provided. A logic 

case of operator controlled vehicles this merely requires control circuit produces a velocity command signal and 

ordinary skill on the part of the vehicle operator. How- » a ^ act uation signal in response to predetermined 

ever, in the case of operatorless automatic guided vehi- operating condi tions. A vehicle drive circuit controlla- 

cles, the process involved m accurately docking the bl propels ^ vehicle at a velocit r e S ponsive to the 

vehicle is considerably more complex. velod CQmmmd A L ground engaging wheel is 

In a typical situation, an automatic guided vehicle M „: M Li w. i u i * * n ui - • 

approaches a docking or stop location at a normal travel 20 a vehicle brake for controllably stopping 

s£eed. Upon approaching the desired docking point, the he V f ,C,e ,n ?. * e br ^. actuat,on Slgnal * 

vehicle automatically slows to a reduced approach transdjicerjens^^ and responsively 

speed. Finally, upon actually reaching the docking produces an actual velocity signal The mejbod^nchides 

point, the vehicle is brought to a halt. t he^steps of pro ducing a controlled ston signal in re- 

This seemingly simple procedure is complicated by 25 sp onse to tne vehicle being positioned a predetermine d 
various external factors. For example, common auto- distance trom a desired stop locatio n, and producing the 
matic guided vehicles utilize electrical braking as an brake actuation signal having a value sufficient to par- 
energy efficient means for stopping the vehicle. Electri- tiallv engage the vehicle brake and the velocity corn- 
eal braking, while effective as a means for slowing a mand signal having a value sufficient to continue to 
vehicle over a relatively long period of time, is less than 30 propel the vehicle at a predetermined low velocity in 
ideal for making instantaneous corrections in vehicle response to the controlled stop signal. An absolute stop 
velocity when the vehicle is moving at a relatively slow signal is produced in response to the vehicle being posi- 
speed. Electrical braking requires switching the direc- tioned at the desired stop location, and a velocity com- 
tion contactors typically utilized in the control circuit mand signal having a minimum value is produced in 
of an electrical vehicle from forward to reverse config- 35 response to the absolute stop signal, 
urations. The switching procedure requires a determin* The present invention provides an apparatus and 
able amount of time that necessarily slows the response method for controllably stopping a vehicle at a prede- 
of the electrical braking. termined location. The apparatus and method is particu- 

Rapid response of the braking system is particularly i^iy advantageous in controllably stopping a driverless 

necessary where the surface condition over which the 40 industrial vehicle operating on an uneven travel surface, 
vehicle must travel is rough or uneven. Since electrical . 

braking requires considerable time to respond, such BRIEF DESCRIPTION OF THE DRAWINGS 

unevenness cannot be readily -compensated for without For a ^ understanding of the present invention, 

some alternative means for stopping the vehicle. The reference be ^ tQ J ^ompanying drawings, 

selected compensation method must not mhibit travel of 45 m wnicn . 1 ' B 

the vehicle up smaU rises in the travel surface but must mQ l fa block dj of Qne OT bodiment of ^ 

be capable of inhibiting :gravity mduced "coasting" invention- 

down similar irregularities m the travel surface. . . ' ,. - . . ... 

The present mvention is directed to overcoming one .. Yf' ?. " a S ^ natlC t f a dnve circu,t utJ " 

or more of the problems as set forth above. " 50 "J" J? embodiment of FIG. 1; 

FIG. 3 is a schematic diagram of a brake actuation 

DISCLOSURE OF THE INVENTION circuit utilized in the embodiment of FIG. 1; 

In one aspect of the present invention, an apparatus FIG ' * » a P]"^ of waveforms associated with 
for controllably stopping a vehicle is provided. The ** d uscful m understanding the embodiment of FIG. 1; 
vehicle includes a vehicle drive circuit for controllably 55 FIGl 5 * •» exaggerated representation of a portion 
propelling the vehicle at a velocity responsive to a ve- of a surface over which a vehicle must travel; and 
locity command signal, at least one ground engaging F ? G - 6 is a flowchart of software used with one em- 
wheel equipped with a vehicle brake for controllably bodiment of the present invention, 
stopping the vehicle in response to a brake actuation BEST MODE FOR CARRYING OUT THE 
signal, and a transducer for.sensing the vehicle velocity 60 INVENTION 
and responsively producing an actual velocity signal. A . 

logic control circuit produces the velocity command Referring to the FIGS., and especially to FIGS. 1-3, 

signal and the brake actuation signal in response to an apparatus embodying certain of the principles of the 

predetermined operating conditions of the vehicle. A present invention is generally indicated by the reference 

position determining device produces a controlled stop 65 numeral 10. It should be understood that the following 

signal in response to the vehicle being positioned a detailed description relates to the best presently-known 

predetermined distance from a desired stop location, embodiment of the apparatus 10. However, the appara- 

arid an absolute stop signal in response to the vehicle tus 10 can assume numerous other embodiments, as will 
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become apparent to those skilled in the art, without connected from the collector lead of the transistor 54 to 

departing from the appended claims. a logic circuit 60. The logic circuit 60 includes an asta- 

A vehicle 12 includes a drive means 14 for controlla- ble multivibrator 62. The multivibrator 62 includes a 

bly propelling the vehicle 12 at a velocity responsive to timing and trigger circuit 64 connected as is well- 

a velocity command signal. The drive means 14 in- 5 known in the art. A resistor 66 is connected to an output 

eludes, for example, a logic control means 16 for pro- terminal of the multivibrator 62. 

ducing the velocity command signal, a drive control 18, The logic circuit 60 also includes a monostable multi- 

and one or more motors 20,20'. The vehicle 12 also vibrator 68, having a respective timing and trigger cir- 

includes one or more ground engaging wheels 22,22', cuit 70. A resistor 72 is connected to an output terminal 

and is equipped with a vehicle brake means 24 for con- 10 of the second multivibrator 68. The resistors 66,72 con- 

trollably stopping the vehicle 12 in response to a brake nected to the respective output terminals of the multivi- 

actuation signal. The vehicle brake means 24 includes a brators 62,68 are connected together at the base termi- 

brake control 26 and one or more vehicle brakes 28,28' nal of an output transistor 52. 

each associated with a respective vehicle wheel 22,22'. FIG. 1 also includes a position determining means 74 

Finally, a transducer means 30 is associated with at least 15 connected to the logic control means 16. The position 

one wheel 32 of the vehicle 12, preferably a nondriven determining means 74 produces a controlled stop signal 

idler wheel, and senses the vehicle velocity and respon- in response to the vehicle 12 being positioned a prede- 

sively produces an actual velocity signal. termined distance from a desired stop location, and an 

The vehicle drive means 14 is of conventional design absolute stop signal in response to the vehicle 12 being 

and is illustrated in FIG. 2. In response to particular 20 positioned at the desired stop location. The manner in 

operating conditions, the logic control means 16 deliv- which the position determining means 74 functions is 

ers an appropriate pulse width modulated velocity com- not of particular concern with regard to the instant 

mand signal to a transistor 34. The transistor 34 is the invention. The position determining means 74 can be as 

controlled element in a conventional chopper circuit, simple as a series of limit or photoelectric switches 

and, with appropriate circuit modifications, could be 25 positioned at predetermined locations along the route of 

replaced with various other known switching devices. the vehicle 12, or as sophisticated as a true navigation 

The motor 20 includes a field winding 36 and an and guidance system associated with the vehicle 12 and 
armature winding 38. The field winding 36 is serially adapted to determine the relative position of the vehicle 
connected between the transistor 34 and a set of direc- with respect to various docking locations in a particular 
tion contactors 40W. In response to the transistor 34 30 facility. Such position determining devices are familiar 
being biased "ON 1 ' by a particular velocity command to those skilled in the art Regardless of the sophistica- 
pulse width modulated signal, current flows from a tion of the position determining means 74, the operation 
battery 40 through the transistor 34 and the field wind- of the instant invention remains substantially the same, 
ing 36. Current then flows through one of the direction The flowchart of FIG. 6 defines the internal pro- 
contactors 40a,40d, the armature winding 38, and the 35 gramming for a preferred embodiment of the logic con- 
other of the direction contactors 40c,40rf, and back to trol means 16. From this flowchart, a programmer of 
the battery 42. A flyback diode 44 is connected between ordinary skill can develop a specific set of program 
the transistor switch 34 and the field winding 36, and a instructions that performs the steps necessary to imple- 
plugging diode 46 is connected between the field wind- ment the instant invention. It will be appreciated that, 
ing 36 and the direction contactors 4Qa-d. First and 40 while the best mode of the invention is considered to 
second contactor coils 48,50 are connected to the logic include a properly programmed microprocessor, the 
control means 16 and controllably operate respective result of which is the creation of novel hardware associ- 
ones of the direction contactors 40a-c in response to ations within the microprocessor and its peripheral 
direction signals delivered by the logic control means devices, it is possible to implement the instant invention 
16 to respective switching transistors. In vehicles utiliz- 45 utilizing traditional hardwired circuits, 
ing multiple drive motors 22,22', the basic drive circuit Beginning at the "START" block 100, the normal 
of FIG. 2 is substantially duplicated for each motor vehicle control portion of the flowchart proceeds down 
22,22', as is known in the art. the left side of FIG. 6. In the block 102, the logic con- 

The vehicle brakes 28,28' are preferably conventional trol means 16 tests for the presence of the controlled 

electrical brakes having friction type pressure pads 50 stop signal produced by the position determining means 

associated with friction discs connected to each braked 74. Assuming that the signal is not present, program 

wheel 22^2'. In the preferred embodiment, the brakes control progresses to the block 104 where normal vehi- 

28,28' are of the spring applied type. In other words, the cle operation continues. The general control processes 

brakes 28,28' are normally spring engaged, and must be of the block 104 do not form part of the instant inven- 

actively released in order to operate the vehicle 12. 55 tion and are not discussed in detail herein. These control 

Each brake 28,28' has associated with it a respective functions include typical aspects of vehicle control such 

brake solenoid 29,29' which, upon sufficient energiza- as acceleration, guidance, speed control, navigation, 

tion, causes the brakes to release. Therefore, the brakes and auxiliary functions. Periodically, the program loops 

28,28' are engaged by reducing the current flowing through the block 102 where the controlled stop signal 

through the respective brake solenoids 29,29', and are 60 inquiry is made. 

disengaged by supplying sufficient current to the sole- The one aspect of normal vehicle control that is of 

noids 29,29' to overcome the brake spring resistance. interest in the present invention is control of the vehicle 

A preferred embodiment of the vehicle brake means brakes 28,28'. Under normal operating conditions, the 

24 is illustrated in FIG. 3. The logic control means 16 is vehicle control means 16 delivers a predetermined 

connected to the base of a transistor 54. A resistor 56 is 65 brake effort signal to the transistor 54. This normal 

connected across the emitter and collector leads of the brake effort signal maintains the transistor 54 biased 

transistor 54, with the emitter lead also being connected "OFF". Responsively, the astable multivibrator 62 pro- 

to a positive power supply terminal. A resistor 58 is duces a brake actuation signal having a duty cycle re- 
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sppnsive to the combined resistance of the series resis- . Therefore, once program control has progressed to 

tors 56,58. This pulse duty cycle is depicted in FIG. 4 at the block 108, the vehicle 12 continues to proceed 

TP2-(NORMAL), and is delivered through the resistor toward the desired stop location at a low velocity with 

66 to the drive transistor 52. the brakes 28,28' partially engaged. The effect of this 

At each initial startup from a stopped condition, the 5 mode of operation is illustrated in FIG. 5, in which an 

logic control means 16 also causes the monostable mul- exaggerated portion of a floor or other surface 74 over 

tivibrator 68 to produce a single pulse having a duration which the vehicle 12 is traversing is illustrated, 

responsive to the timing and trigger circuit 70. The The wheel 32 is, for example, the idler wheel 32 of the 

single pulse produced by the monostable multivibrator vehicle 12. The vehicle drive means 14 encounters no 

68 is of a longer duration than any of the individual 10 difficulty in maintaining a constant vehicle velocity 

pulses produced by the astable multivibrator 62, and is while the wheel 32 travels up a rising surface portion 76, 

depicted in FIG. 4 at TP1. This pulse is delivered owin S 10 tne abflit y of the drive means 14 to virtually 

through the resistor 72, where it is summed with the instantaneously increase the pulse duty cycle delivered 

duty cycle pulses delivered through the resistor 66 and to Ae motors 20 » 20 ' sufficiently to maintain the desired 
the combined result is delivered to the input terminal of 15 vehicle velocity. 

the drive transistor 52 However, upon reaching the downward sloping por- 

The vehicle brake 28,28' requires a predetermined ^ 78 of surface 74 - S ravitv tenis t0 ra P idlv in ' 

solenbid coU current to initially overcome the brake cr f^ ^ of th 5 vehic ) e U bevond ^ ***** 

spring forces. The relatively long duration pulse deliv- velocity Without utilizing the instant apparatus for 

ered at TP1 is sufficient to overcome the initial resis- 20 controllably stopping the vehicle 12 conventional vehi- 

tance of the brake springs. Once the vehicle brakes cle control systems are often unable to maintain the 

28,28' are initially retracted, a much smaller current de$v * veh J c 5 vdo « tv °» the downward sloping por- 

flowing through the brake solenoid coils 29,29' is suffi- U ° n 78 ' ^ * e vemcle " «? overshoot the desired 

cient to mainSun the vehicle brakes 28,28' in the re- M «op location. However, in the instent embodiment, the 

. . -i Mfi . t . . .„ „. 25 vehicle dnve means 14 merely reduces the pulse duty 

leased position Therefore, the reduced duty cycle . . fc . delivered to ^ m o tors 20 ,20' and the par- 
pukes delivered by the astable multivibrator 62 are ^ * vereo wjjn 
suffiaent to maintain this released condition. The use of velod Qf ^ vehide n Qn ^ downward dopmg 
lower duty cycle pulse tram to maintain the brakes ion ?8 In otber WOfd dless ofthe slo J^e 
28,28 in the released position is advantageous in con- 3Q terrdn over which the vehicle 12 U traversmg, ccntinu- 
serving power provided by the battery 42 and reducing Qusl acmte vehidc vdod ^ be maintained 0 
heating in the brake solenoid coils 29,29 • Therefore, m merd j ^ dm c , e of ^ ^ trains deHv . 
the normal mode of operation, tie brakes 28,28 are ered t0 ^ driye circuit u Such accurate Md 
maintained in the released position by the continuous instantaneous control over vehicle velocity permits the 
supply of the predetermined pulse duty cycle from the 35 vehicle 12 10 s , owIy approach the des ired stop location 
astable multivibrator 62 delivered to the dnve transistor at a carefully maintained velocity. 

Upon reaching the desired stop location, the position 

Upon detecting the presence of the controlled stop determining means 74 produces the absolute stop signal, 

signal in the block 102, program control passes to the This signal is detected in the block 110 and control 

block 106 where the vehicle brake means 24 is partially ^ progresses to the block 112 where the vehicle drive 

engaged. The logic control means 16 delivers a brake means 14 stops pulsing the motors 20,20' completely, 

effort signal to the transistor 54 sufficient to bias the Owing to the partially engaged brakes 28,28', the vehi- 

transistor 54 "ON". Responsively, the resistor 56 is cle 12 stops virtually instantaneously precisely at the 

effectively removed from the timing and trigger circuit predetermined desired stop location. No delays in con- 

64 and the duty cycle of the pulses produced by the 45 trolling the position at which the vehicle 12 stops are 

astable multivibrator 62 is responsive only to the re- encountered as is typically the case where the vehicle 

maining resistor 58. Owing to the decreased time con- brakes must be applied after sensing the desired stop 

stant of the timing and trigger circuit 64, the produced position. 

duty cycle has a reduced "ON" time. This reduced duty Subsequent to the vehicle actually stopping, program 
cycle is illustrated in FIG. 4 at the waveform labeled 50 control passes to the block 114 where the brakes 28,28' 
TP2-<CONTROLLED STOP). are fully engaged by deenergizing the brake solenoids 
The reduced duty cycle is insufficient to maintain the 29,29' in response to a reset signal delivered from the 
brakes 28*28' in the fully released position, but is suffi- logic control means 16 to the multivibrators 62,68. The 
cient to prevent the brakes 28,28' from becoming fully spring applied brakes 28,28' are thus fully engaged and 
engaged. Therefore, the brakes 28,28' are partially en- 55 maintain the vehicle 12 in the stopped position. Pro- 
gaged and cause the associated wheels 22,22' to drag, gram control then returns to the main program where 
i.e., to provide a controlled predetennined rolling resis- normal control processes proceed. 
. tance to the vehicle 12. 

Subsequent to partially engaging the brakes 28,28' in INDUSTRIAL APPUCABIUTY 

the block 106, program control passes to the block 108 60 Operation of the apparatus 10 is best described in 

where the vehicle dri ve means 14 is pulsed to maintain relation to its use on a vehicle, for example, an industrial 

a low velocity. The vehicle control means 16 delivers a vehicle 12 such as an automatic guided transport or lift 
velocity command signal to the transistor 34 sufficient truck. Assuming that the vehicle 12 is starting initially 

to cause the motors 20,20' to overcome the brake resis- from a stopped position, the initial brake release pulse is 

tance and to propel the vehicle 12 at a relatively low 65 delivered from the monostable multivibrator 68 to the 

velocity. The signal received from the velocity trans- brake control 26. Responsively, the brakes 28,28' are 

ducer means 30 is used by the logic control means 16 to retracted to the fully released position. Subsequently, 

monitor the actual velocity of the vehicle 12. the brakes 28,28' are maintained in the fully retracted 
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position by the reduced pulse duty cycle signal deliv- 
ered from the astable multivibrator 62. The vehicle 12 is 
then controlled in a normal manner as is known in the 
art. Acceleration and speed control of the vehicle 12 is 
maintained by the velocity command signal delivered to 
the vehicle drive means 14 from the logic control means 
16. 

Normal braking of the vehicle 12 is provided by a 
combination of electrical braking and auxiliary wheel 
braking. For example, electrical braking is performed 
when the vehicle 12 is moving, in response to the logic 
control means 16 delivering signals to the contactor 
coils 48,50 sufficient to reverse the orientation of the 
direction contactors 40a-d. Responsively, the vehicle 15 
12 enters a plugging mode, as is well-known in the art, 
whereby electrical braking is accomplished through the 
. effort of the motors 20,20'. The level of plugging is 
/ controlled by the duty cycle of the pulses delivered to 
| the motors 20,20' via the vehicle drive means 14. Should 20 
/ auxiliary braking be required, the logic control means 
I 16 has the capability of fully engaging the vehicle 
I brakes 28,28' by inhibiting the pulses produced by the 
\ multivibrators 62,68. 



a logic control means for producing said velocity 
command signal and said brake actuation signal in 
response to predetermined operating conditions; 

position determining means for producing a con- 
trolled stop signal in response to said vehicle being 
positioned a predetermined distance from a desired 
stop location, and an absolute stop signal in re- 
sponse to said vehicle being positioned at said de- 
sired stop location; and 

wherein said logic control means receives said actual 
velocity signal, said controlled stop signal and said 
absolute stop signal, produces said brake actuation 
signal having a value sufficient to partially engage 
said vehicle brake and said velocity command sig- 
nal having a value sufficient to continue to propel 
said vehicle at a predetermined low velocity in 
response to receiving said controlled stop signal, 
and produces said velocity command signal having 
a minimum value in response to receiving said 
absolute stop signal. 

2. Apparatus, as set forth in claim 1, wherein said 
vehicle brake is electrically actuated. 

3. Apparatus, as set forth in claim 2, wherein said 
logic control means produces a brake effort command 



In response to the position determining means 74 25 signal, and includes a brake control means for produc- 



pro ducing a controlled stop s ignal when the vehicle 12 
is wi thin a predetermined distan ce from a desired stop 
location, the logic control means 16 delivers a brake 
effort signal to the transistor 54 sufficient to reduce the 
pulse duty cycle delivered by the astable multivibrator 
62 to the brake control means 26, thereby reducing the 
brake hold-off effort of the brake solenoids 29,29' and 
allowing the brakes 28,28' to become partially engaged. 



ing said brake actuation signals in response to said brake 
effort command signal, said brake actuation signals 
being a pulse signal having a pulse cycle variably re- 
sponsive to said brake effort command signal. 
30 4. Apparatus, as set forth in claim 3, wherein said 
brake control means produces a first brake actuation 
signal having a relatively long pulse duty cycle in re- 
sponse to said brake effort signal having a magnitude in 
a first predetermined range, and a second brake actua- 



Coincidentally, the logic control means 16 delivers a 35 tion signa , having a reJative ' lv short puise duty cycle in 

velocity command signal to the vehicle drive means 14 response to said brake effort signal having a magnitude 

sufficient to maintain the velocity of the vehicle 12 at a „, a predetermined range, 

predetermined relatively low velocity. 5. A me thod for controllably stopping a vehicle, said 

The position determining means 74 then produces an vehicle having a logic control means for producing a 

absolute stop signal in response to the vehicle 12 being 40 velocity command signal and a brake actuation signal in 



positioned at the desired stop location. Responsively, 
the logic control means 16 delivers the the velocity 
command signal to the vehicle drive means 14 causing 
the motors 20,20' to fully turn "OFF*, stopping the 



response to predetermined operating conditions, a vehi- 
cle drive means for controllably propelling said vehicle 
at a velocity responsive to said velocity command sig- 
nal, at least one ground engaging wheel equipped with 



vehicle 12 immediately. Therefore, accurate and abso- 4 * a respective vehicle brake adapted to for controllably 



lute control is maintained over the approach of the 
vehicle 12 to the desired stop location, and the vehicle 
12 is responsively stopped precisely at the desired loca- 
tion without disadvantageous effects caused by irregu- 
larities in the surface over which the vehicle 12 must 50 
. travel. 

Other aspects, objects, advantages and uses of this 
invention can be obtained from a study of the drawings, 
the disclosure, and the appended claims. 55 

I claim: 

1. Apparatus for controllably stopping a vehicle, said 
vehicle having a vehicle drive means for controllably 
propelling said vehicle at a velocity responsive to a 
velocity command signal, at least one ground engaging 50 
wheel equipped with a respective vehicle brake adapted 
to controllably stop said vehicle in response to brake 
actuation signals, and a transducer means for sensing 
said vehicle velocity and responsively producing an 
actual velocity signal, comprising: 65 



stop said vehicle in response to said brake actuation 
signal, and a transducer means for sensing said vehicle 
velocity and responsively producing an actual velocity 
signal, comprising the steps of: 
producing a controlled stop signal in response to said 
vehicle being positioned a predetermined distance 
from a desired stop location; 
producing said brake actuation signal having a magni- 
tude sufficient to partially engage said vehicle 
brake and said velocity command signal having a 
value sufficient to continue to propel said vehicle at 
a predetermined low velocity in response to said 
controlled stop signal; 
producing an absolute stop signal in response to said 
vehicle being positioned at said desired stop loca- 
tion; and 

producing said velocity command signal having a 
minimum value in response to said absolute stop 
signal. 

***** 
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